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ABSTRACT 


A  on*  procedure  far  the  analyst*  of  tile  TED*  content,  on  ISC 
wttetlerized  charcoal  has  been  developed.  The  results  of  the  analysis  of 
eoramerctally-suppi  Led  and  custoe-aade  ASC  uhetleriies  co-impregnated.  with 
TED  A  arc  presented.  Some  background  inf  or  mat  ion.  on  this  analytical 
procedure  is  also  presented. 


RESUME 


One  nouvelle  procedure  dr  analyse1  de  la  quantity  de  TEDAi  dans  Ie 
charboa  acttw4  ISC-whetlerite  a  #t£  d£*elopp5e,  Les  rfsultats  de  lr analyse 
dr4chantillons  de  sources  commercial es  et  de  charbons  acti*4s  ASC- 
uhetlerite  co-lapr4at£  de  TSDA.  pr*par4s  an  laboratoire  sont  pres4nt4s.  One 
revue  des  antecedents,  de  cette  procedure  analytique  eat  auaai  pr4seet4e. 
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r.o  INTRODUCTION 


lie  the  course  of  research  and  development  are  charcoal  „  chemical 
impregnant.s  were  incorporated  onto  charcoal  surfaces  to  afford  better 
protection  against  some  ,CW  ^agents."  The  use  of  copper,  chromium,  aid  silver 
as  charcoal  impregnants  (the  ''ASC  in  ASC-whetlerlte)  originated  in  1942 
(T)  and  Is  still  regarded  as  the  best  available  multi-purpose  adsorbent  for 
military  air  filters.  However,  recent  studies  on  the  health  hazards  of 
tri-  and  hexavalent  chromium  (.2)  have  demonstrated  that  they  are  both 
cancer-inducing  agents.  Although  the  absorption,  of  chromium  (HI)  by  the 
lungs  after  inhaling  charcoal  dust  from  testing  a  military  canister 
containing  ASG-whetl«rite  is>  not  sufficient  to  cause  any  harm  (2) ,  it  is 
desirable  that  the  percentage  of  chromium  (HI)  in.  ASC-vhetlertte  be 
reduced.  If  not  completely  remo'esd,^ 

Recently,  ttrtetftyienedianine  (TED A) ,  more  formally  known  as  DABCO 
or  (T,  4*-diazablcyclo  [2,2,2]  octane),  has  received  the  attention  of 
British,  American  and  Canadian  investigators  as  a  supplementary  additive 
for  enhanced  CK-protect Lon .  One  implication  of  this  is  that  it-  may  be 
possible  to:  partially  or  totally  substitute  the  chromium  with  TEDA,  TEDA 
appears  to  be  more  useful  than,  other  amines  (e-g.  pyridine  or 
hemamethylene  tetramine)  used  earlier  as  adsorption  enhancing  agents  on 
charcoals  CT),  The  major  advantage  lies  in  the  fact  that  TEDA  does  not 
desorb  from  the  charcoal  surface  to  any  appreciable  extent-  A  recent 
report  (3)  from  Weatvaca  Inc.  indicates  that  the  application  of  T.5t  TEDA 
to.  a  laboratory  ASC-whetlerite  provides  a  significant  Increase  ire  CK  Life 
for  both  fresh  and  aged  charcoal.  However,  the  same  charcoal  without  any 
chromium-  has-  a  lower  CK  life,  even  when  the  TEDA  content  is  increased  to 
7.5X.  This  indicates  that  it  may  not  be  possible  to  completely  replace 
chromium,  with  TEDA  in  order  to  provide  adequate  protection  against  CK. 


% 

'In  support  of  this  i  ncreased  interest  iff  TEDA  impregnated 
charcoal  it  has  become  apparent  that  there  is  a  need  for  an  accurate 
analytical  method  which  allows  accurate  TEDA  determinations.  This 
technical  note  describes  a  method  which  achieves  this  goal. 


T.T  BACKGROUND 


Air  filters 
have  been  widely  used 


containing  activated  charcoal  impregnated  with  TEDA 
Ire  the  nuclear  reactor  industry  for  the  moat  taring 
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and  trapping  of  radioactive  iodine  and  methyL  iodides  (4).  The  trapping 
mechanism  is  baaed  on  the  stable  T:1  complex  fanned  between  the  amines,  and 
the  radioactive  iodine..  Of  the  knowrr  aro^ty  pes  of  charge-tranaf er 
complexes,  those  involving  iodine  and  amines  as  acceptor  and  donors 
respectively  have  been  most  extensively  studied  (5).  In  these  cooplexes, 
the  interraolecular  bond  is  localized,  and  the  H-I-I  moiety  is  linear  (6). 
For  ntonof unctianal  amines,  such  as.  ammonia,  the  complexes  are  strong  with 
formation  constants  La  the  range  of  TO1  -  i/male  at  20*0  and  enthalpies 
of  formation  between  -5  and  -T2  kaal/male.  Cagplaxation  involving 
multi-functional  donors  and  acceptors  (such  as  TEDA  and  iodine)  pose 
difficulties  in  determining  the  nature  and  extent  of  interactions;  between 
active  sites  and  an  understanding  of  tow  complexaticn  at,  one  site 
influences  the  activity  of  the  uncomplexed  site. 

TEDA  is  a  cage-like  liter ti ary  amine.  It  is  characterized  by 
nigh  symmetry,  globular  structure,  high  melting  paint  (T5&*C),  and  contains 
two  exposed  nitrogen  atoms  whose  unshared:  electron  pairs  are  free  of  at  eric 
hindrance.  The  preparation  procedure  for  the  TEDA.il*  complex  has  been  well 
documented  (6,7).  The  same  2:1  can  pier  af  iodine  to  TED*,  farms  when  the 
concentration  of  iodine  equals  or  doubles  the  concentration  of  TEDA.  (6)  - 
This  is  contrary  to  the  complex  farmed  between  bromine  and  the  diamine,  in 
which,  the  mono-adduct  between,  bromine  and  TEDA.  is  also  farmed  (5c,  8). 

The  detailed  theoretical  considerations  of  this  di  amine-halo  gen 
charge-transf  er  complex  is  very  complicated  and  beyond  the  scape  cf  this 
report.  However,  this  TEDA-iadine  complex  farms  the  basis  on  which,  the 
concentration,  af  TEDA  on  charcoal  Is  determined.  TEDA  is  strongly  adsorbed 
onto  the  charcoal  surface,  therefore  after  it  Is  leached  out  Cram,  the 
charcoal  surface  with  acid,  it  has  to  be  complexed  inmadi^ely,  The  stable 
TEDA-iodine  complex  La  an  obvious  choice.  The  TEDA-iadine  complex  is  a 
nigh-melting  solid;  which  is  insoluble  in  most  organic  solvents  and 
deconronses  in  the  presence  of  acids .  Therefore  allowances  have  to  be  made 
so  that  i.he  TEDA  concentration  can.  be  determined  gravimetrical Ly . 

Due  to  the  above  consideration,  it  becomes  necessary  to  introduce 
carbon  standards  so  that  the  results  front  unknown  samples  may  be  compared. 
Since  the  loading  level  of  TEDA  on  charcoal  may  typically  vary  from  0  to 
TO?,  at  least  two  standards,  containing  about  2  and  61  of  TEDA,  have  to  be 
employed  to  cover  this  range.  Each  standard  is  also  duplicated  to  take 
care  oC  experimental  variation.  Rote  that  this  procedure  involving  the 
reference  standards  id  the  "mat  critical  step  in  the  whole  analysis.  The 
gravimetric  factor  obtained  for  the  reference'  standards,  will  determiner 

(t)  The  extent  of  interference  from  the  metal  ions  on  the  ASC-cftartsaal ; 
(these  ions  may  be  leached  out  by  the  acid  and  complex  with  the  free 
TEDA);. 

(Li)  the  extent  of  caoplexation  between  TEDA  and  iodine  in  the  add 
medium;  and 
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(£iL)  the  extent  at  the  solubility  of  the  final  TEDA-I*.  complex. 

Jill  three  factors  are  subject  ta  variability  due  ta  technique, 
reagent  purity,,  and  cans.  jncy  af  the  carbon  aanplea. 


2-0  RESGEHTS-  Mil  EIPEHIHEmL 


The  TED*  was  obtained  from:  Aldrich  Chemical  Ca.  It  was  purified 
by  sublimation  under  cuanmi  at  35°C  until  a  aanstant  Halting  point  wan 
obtained.  The  purity  was  cheated  by  L9  and  1 JC  mnr  spectroscopy  r  and  the 
melting  point  was  found  to  be  T57-T5&*C.  Alter  sublimation,  the  white  TEDA 
crystals  wore  sealed  by  flame  in  glass  anpules,  is  aanunts  either  of  0.T5 
or1  Q..65  grams.  The  iodine  employed  was  from  ?isher  Scientific  Ca.  and  was 
also  purified  by  suhl;  imattort.  The  potassium  iodide  was  also  obtained  from 
Fisher  Scientif  ic  Ca-  The  O.T  K  iodine  solution  was  prepared  from  a 
standard  procedure  (9)  -  This  reagent  was  always  prepared'  fresh  for  each 
experiment.  The  sulfuric  add  used  was  diluted  Croc  concentrated  sulfuric 
add  supplied  by  <T.T.  Baker  Chemical  Co. 

The  charcoal a  used  in  these  experiments  ware  all1  obtained  from 
Calgon.  Carbon  Ca.  The  standard  charcoal  used  is  from  batch— 1048 „  which  is 
a  standard  ASC~wbetlerite  containing  capper,  silver  and  chromium.  The 
TEDft-loaded  charaaals  were  research  samples  of  ASC-eharcoal  loaded  with 
specified  amounts  of  TEDA.  Two  eustamrmade  TEDA— loaded  charcoals  were  also 
tested. 


Ill  charcoal  samples  were  dried  in.  an  owes  at  T05°C  amrniglit 
before  the  analysis. 


2.T  DETEHIfTJ*ATIOJC  OF  TEDA  COTTERT  DC  CHAHCQAL  SAHPLES 


Weigh  TO’  grams  af  the  granular  carbon  to  be  analyzed  to  ±O.OOT 
grams.  Weigh  four  TQ-granr  samples  of  a  standard  ASC  carbon  that  have  not 
been  impregnated  witn  TEDA  to  ±a.Q0T  grams  into  four  30:  ml  weighing 
bottles  fitted  with  ground  glass  caps.  Add  about  0.T5  grans  ( accurate! y 
weighed  to  ±<1.00 T  grams)  of  TEDA  to  each  of  two  standard  ASC  carbon 
samples  .  and  about  0.65  grams  (accurately  weighed  to  ±0.001  grams):  of  TEDA 
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to  thts  two  remaining  one3.  Allow  the  mixture  to  equilibrate  for  2&  hours 
to  permit  adsorption  of  TEDA  by  the  carbon*  Occasional  shading  of  the 
weighing  bottles  helps  the  adsorption  of  TED  A.  Transfer  each  of  the 
samples  (including  any  leftover  TEDA  crystals)  to  separate  400  ml  beakers 
and  add  TOO  ml  of  T»  ffjSQ,*  to  each*  Cover  with  a  watch,  glass  sard:  place 
each,  beaker  on  a  hot  plate.  Bring  to  a  boll  ant  bail  for  T5  ±  T  minute. 
Remove  fro®  hot,  plate  aid  alio*  to  cool  to  roam  temperature*  Filter 
through  a  Mj.lltpor«  filter  (3*0,  no):  apparatus  into  a  250  ml  filtar  flask 
under  reduced  pressure.  Wash  beaker*  watch,  glass*  and  carton  with  3*  25  ml 
portion  of  deionized  water.  Quantitatively  transfer  filtrate  to  a  400  ml 
oeaker  and  wash  filtering  flasks  with  2x  TO  ml  portion  of  deionized  water* 
Add*  with  stirring*  200  ml  of  0*T  !C  iodine  solution*  and  cover  the-  beaker 
with  a  watch,  glass.  The  supernatant  solution  on  top  of  the  greyish  to 
reddish  precipitate  should  have-  a  dark  reddish  brown  color  indicating  an 
excess  of  iodine.  If  a  greenish  tint  persists*  add  more  iodine  solution 
until  the  supernatant  is  reddish  brown.  Allow,  the  mixture  to  stand  far  % 
to  r  hour.  Quantitatively  filter  each  solution  through:  a  separate  dried* 
weighed*  5Q  ml  medium-  porosity  filter  crucible  under  reduced  pressure, 
fclash  each  beaker  with  2x  25  ml  of  detontaed  water*  being  careful  to 
transf  er  all  the-  precipitates  into  the  crucible,  wash  the  precipitate  with 
2x  25  mi  of  deionized  water.  Place  the  crucible  into  a  150  ml  beaker* 
cover  with  a  watch,  glass*  and  dry  the  precipitate  overnight  in  a  T.05°C 
o van.  fteweigh  crucible  after  cooling  in  a  desiccator  aid  determine  the 
weight  of  precipitate  by  the  difTsrwtce  from  original  weight,  of  empty 
crucible.  Determine  the  gravimetric  factor  as  fallows-. 


A  «■  S. 


where  A  *  gravimetric  factor* 

B-  »  weight  of  precipitate  from  the  standard  A  SC  carbon  sample* 

C  »  weight  of  TEDA  used. 

The  final  gravimetric  factor  D,  is  then  the  arithmetic  mean  of 
the  f our  determinations .  These  four  values  should:  not  deviate  by  more  than 
5%*  otherwise  the  procedure  for  the  reference  standards  has  to  be  repeated* 
Calculate  the  percent  TEDA  on  the  unknown  carbon  samples  as  follows: 


«  TEDA  - 


»  »  too 

D  x  F 


where  D 

E 
'  F 


final  gravimetric  factor  frcnr  above, 
weight  of  the  precipitate* 
weight  of  the  carbon  sample  used. 


3.0  RESULTS  AED  DISCUSSTOE 


The  yaviaettric  factor  determined  for  the  four  eharxsjal  standards 
was  Jti.527  with  a  standard  deviation  of  less  than  5*.  This  value  far  tire 
gravimetric  factor  Ls  different  from  the  value  of  2. 3  aOtairred:  by  the 
Cal  gon  (TO)'  procedure  from  which  the  previous  DKU  specification  (IT)  was 
derived.  rt  Is  believed  that  the  reason  Tor  the  observed  difference  in 
gravimetric  factors  results  from  ignoring-  the  solubility  of  the  TEDA.I2 
cample*  in-  water  in  the  previous  DEB  specification;:  subsequent  to  this 
study  the  specification-  was  modified. 

The  experimental  results  of  the  TED*  analysis  on  unknown  charcoal 
samples  are  listed  in  Table  T.  There  was  no  information,  such  as 
preparation  procedure,  purity  level,  and  accuracy  of  the  TED*  concentration 
supplied!  with  the  TEDA-Ioarfed  ASC-charcoals  from  Cal gon  Carbon  Co.  The 
analysis  results  shove  consistently  Tamar  values  compared  to  the 
man uf act urer-spec I fl ed  values,  although  the  analysts  values  are  In  the  sane 
order  of  magnitude  as  the  "True"’  values.  This  consistent  lower  value  of 
TED*  content  may  also  be  due  to  loss  of  TED*  (by  sublimation  or  oxidation 
in  air)'  during  the  drying  of  charcoal.  *  quantitative  estimate  of  this 
toss  of  TED*  cannot  be  easily  determined. 


TABLE  ts  TED*  J&talysis 


ASC/TEDA 

Sample 

rnorganic 

Impregnants 

*  TED*  from 
analysis 

Difference 

Cal  gon- ta 

Cu,  Cr  (  VI )  Jig 

rot0 

S.2T* 

0.8 

Calgon-Z* 

Cu,  Cr  (VI)  ,Ag 

6*c 

5.45* 

0.5 

Cal gon- 3a 

Cu,  Cr  (VI)  Jig 

2.4-T* 

0.6 

Cal  gon- 4a 

Cu,Cr  (VI)- Jig 

r.5*° 

1.20* 

0.3 

DR£0-T° 

Cu,  Cr  (VI) 

6.47*“ 

6.19* 

0.3 

DRE0-2b 

Cu,  Cr  (VI) 

0.27V 

0.22* 

0.1 

®  Research  sampl es  supplied  from  Cal gon  Carbon  Co. 

**’  TED*— loaded  ASC-charcoal  prepared  from  BPL  charcoal  at  DREO. 

*  This  value  Tor  TEDA-Ioading  level  was  supplied'  by  the  manufacturer 
(no  indication  of  accuracy  of  this  data  was  provided)  - 

*  Estimated  from  the  f  TED*  in  the  spraying  solution,  aid  the 
volume  of  the  spraying  solution  used. 
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Sines'  there  Is  a  variation  af  about:  5t  In  the  gravimetric  factor,, 
one  would  expect  that  the  analysis  result  for  TEDA  would  vary  by  at  least 
that  much  *  If  one  further  assumes  that  the  experiments  erred  on  the  low 
side,  and  adjustments  of  the  experimental  data  arc  made  accordingly,,  then 
there  is  a  better  agreement  between  the  analysis  results  aid  the  "true" 
value. 


Some  may  argue  that  tftis  experimental  procedure  is  too 
t± me-consumi ng  ,  especially  in  the  drying  of  the  TEDA-todirae  complex-  An 
alternate  method  would  be  to  ds  at  iodOmetrie  titration  (with  a  thiosulfate 
solution!  ter  determine  the  iodine  concentration  in  the  solution  after 
complexatlow  has  occured  and  the  TEDA-I*  complex  removed-  This  will  yield 
the  concentration’  of  TEDA-todine  complex  indirectly-  This  alternate  method 
was  not  attempted  in  this  laboratory  because-  higher  precision,  such  as 
exact  concentration  of  the  0-T  It  I*  solution,  titration  volumes  etc-.  Is 
required.  Also,  the  1“  used  In  the  0-T  If.  I*  solution  may  be  oxidized1  by 
the  Cr(UX)  and  Cu  ions  leached  out  from  the  charcoal  -  This  extra  effort  Is 
more  than  compensated  by  the  more  time-consuming  gravimetric  method. 

Another  feature  of  this  gravimetric  procedure  is  that  Knowledge 
of  the  exact  chemistry  of  the  TEDA -iodine  complex  is  not  required:-  A 
gravimetric  factor  could  be  obtatnec  from  the  charcoal  standards  to  account 
for  all  of  the  experimental  variations  discussed  In  Section  T-T. 


4.-0  CONCLUSIONS 


A  procedure  was  developed  for  the  analysis  of  TEDA  concenti 
on  ASC-charcoai  loaded  with  TEDA-  The  results  are  satisfactory  for  a 
TEDA-Ioadlng  level  from  0.2  to  TOf . 


5.0  RECOMMENDATIONS 


It  is  recommended  that 
of  TEDA  described  in  this  report 
D-TT-OOT-Or  J/ST-00  T  for  TfDA/ASC 


the  analytical  procedure  for  the  analysis 
be  adopted  in  DND  Specification 
carbon. 
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